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INTRODUCTION 
There has been much research since the tum of the century 
devoted to the biology of the greenbug (Schizaphi~ g_raminum Rond.) 
and the feeding damage to winter wheat caused by this insect. In 
recent years a new green bug bi otype has errerged that can with stand 
high temperatures and produces economic damage on sorghum during 
the late sur.irrer months (Harvey and Hackerott, 1969a). 
In 1968, several million acres of grain and forage sorghum 
were extensive 1 y damaged by the greenbug_ in the Great Plains 
states of Texas, Oklahoma, Arizona, Nebraska, Colorado, Kansas, 
and South Dakota. In the northern Great Plains, a limited number 
of acres of newly emerged winter wheat were also damaged by the 
g reenbug. The fact that the grm'li ng seasons of sorghum and winter 
wheat overlap, indicates that a possible source of greenbug infes-
tation exists for winter wheat {USDA, 1968). 
The new biotype becamP. a major concern of entomologists in 
the mi dwest. A conference was ca 11 ed in Ok 1 ahoma on November 7, 
1968. T-he United States Department of Agriculture and various 
state agencies from the affected areas met to outline projects 
of study on the greenbug and its relationship to crops. 
The majority of the proposed research was oriented to green-
bug-sorghum interrelationships and not to the problem of effect 
of greenbuq infestations to winter wheat production in the northern 
Great Plains, and South Dakota in particular. 
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One of the factors which made this a unique problem of the 
northern plains was cool temperatures which generally occur in the 
fall. Greenbug predator and parasite populations decline during 
the cool weather winter wheat growing season, while the greenbug 
population maintains its vigor. Natural biological control of the 
aphid population becorres less effective resulting in proportionately 
higher populations of greenbugs with resultant damage to the winter 
wheat. 
This study investigates the effect of cool temperatures on the 
two strains or biotypes of greenbugs found in South Dakota. 
Although data existed from previous investigations on the 
biological parameters of the greenbug under cool conditions, much 
of the information was contradictory and did not include data 
of the new biotype discovered recently on sorghum. 
This study is primarily concerned with finding some indication 
of the extent of the potential problems that might be encountered 
on fall plantings of wheat in South Dakota due to this new biotype. 
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LITERATURE REVIEW 
General History of the Greenbuq 
The greenbug (Schizaphis graminum Rond.) was described in 
Italy in 1852 and was first recorded in the United States in 
Virginia in 1882 (Hunter, 1909). The first large outbreak of 
greenbug on wheat occurred in 1890 in Indiana, Tennessee, North 
Carolina and Texas (Webster and Phillips, 1912). Since that time, 
there have been many serious outbreaks throughout the midwest. 
Some damage is caused to small grains every year and estimated 
losses during severe outbreaks, as occurred in 1950, exceed 50 
million bushels of small grains annually (Dahms, Johnson, Schlehaber, 
and Wood, 1955). 
Schizaphis graminum is regarded as the most economically 
important insect pest of wheat in the United States at the present 
time. Indeed, it is considered to be a major economic pest to 
small grain crops throughout the world (Crarrer, 1967).· It is 
known to infest at least 78 species of Graminae, as well as several 
other plant species in the United States alone. This list includes : 
wheat, oats, barley, rye, and sorghum, as well as various wild 
grasses (Wadley, 1931; Patch, 1938; Dahms, Connin, and Guthrie, 
1954; and Daniels, 1960). 
The greenbug causes extensive damage to its host because of 
toxic excretions in its saliva which produces a necrotic area 
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around the feeding site. Individual aphids produce little damage, 
but in large populations damage can be extensive causing death of 
the plant. Injury to the host by feeding of~- graminum was observed 
by Wadley (1929). The rrechanism of feeding and its effect have 
been studied by Tate (1937) and by Chatters and Schlehaber (1951). 
In addition to physical injury, disease transmission is 
known, or in some cases, suspected to be associated with the 
greenbug. Barley yellow dwarf has been transmitted by greenbugs 
(Oswa 1 d and Houston, 1952; Coon, 1958). Oat yellow dwarf, or 
red leaf, has also been attributed to the greenbug (Arny and 
Shands, 1959). The greenbug transports the wheat curl mite 
(Aclria tulipae Koch.} which is a vector of the wheat streak 
mosaic virus (Gibson and Painter, 1957; Connin and Staples, 
1957). 
Work is now being done concerning the greenbug as a vector 
of maize dwarf mosaic on grain sorghum (Toler, Bockholt, and 
Frederiksen, 1967; and Daniels and Toler, 1969). 
Major outbreaks of greenbugs in the United States were known 
only on small grains until 1968 when extensive economic damage 
occurred on sorghum for the first time (USDA, 1968). Greenbugs 
had been observed on grain sorghums and forage sorghums previously, 
but seldom in economic numbers. 
Sorghum was first recorded as a greenbug host in 1863 by 
Passerini in Italy and in the United States it has been a known 
host since 1882 (Hunter, 1909). 
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Prior to 1968, only one reference is known to the author 
indicating any damage by greenbugs to sorghum in the United States. 
Hays (1922) reported greenbugs as occasional pests of sorghum 
and sudan grass in 1916 in western Kansas causing the infested 
plants to yellow and die. 
Uneconomic populations of greenbugs had been observed on 
grain sorghums prior to the 1968 outbreak. In 1966 and 1967, 
these insects had been observed on sorghum in Texas in August. 
Tests showed that these insects could be transferred to wheat and 
back to sorghum with no difficulties in survival or reproduction 
on either host (Daniels, 1969). This is the first record of 
the new sorghum biotype (biotype C) described by Harvey and 
Hackerott (1969a) and Wood, Chada, and Saxena (1969). Evidence 
previous to this tirre indicated that greenbugs could oversummer 
in the Texas panhandle on western wheat grass (Agropyron smithii 
Rydberg) and that interrrediate hosts might serve as a source of 
infestations for winter wheat (Daniels, 1960). 
The greenbu~ oversurmrers as virginopara, reproducing par-
thenogentically, as it does during the winter months in southern 
states. Egg production is believed to be restricted to north of 
the 35th parallel in North Arrerica, except possibly at higher 
altitudes with cooler temperatures. 
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During the winter months Daniels (1956) observed greenbug eggs 
in the greenhouse below the 35th parallel in Texas, but not in the 
field. Greenbugs have been studied under reduced air pressures to 
simulate higher altitudes. Normal reproduction occurred at pressures 
as low as 0.58 Atm. (Daniels, 1967). 
Before the new biotype was discovered, the greenbug on small 
grains had been associated with cool seasons of the year and was 
most abundant in Texas in the winter and spring (Daniels, Chada, 
Ashdown, and Cleveland, 1956). 
Greenbugs overwinter as eggs in northern Texas and Oklahoma, 
and there is evidence that they overwinter as far north as south-
western Kansas (Lowe, 1952). Farther north the aphids lay eggs, 
but the winters appear to be too harsh for them to survive. 
Greenbugs are not known to overwinter in Nebraska or other 
northern states. Spring infestations originate in the south 
and winged forms are carried north by the wind (Keith, Andersen, 
Roselle, and Staples, 1969). 
In the past years, in South Dakota, the greenbug had been 
considered a problem on wheat in the spring of the year, but 
more recently, the greenbug has been resp_onsible for fall injury. 
In 1959, -there were extensive infestations of greenbugs on 
spring wheat in eastern South Dakota. Greenbug populations beqan 
to build up in mid-May and by June many acres of wheat had to be 
plowed under and replanted with another crop (Hantsbarger, 1959). 
In the fall of 1967 and 1968, winter wheat in the westem 
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part of South Dakota was infested with greenbugs with an estimated 
150,000 acres of wheat infested in 1968. Of that total, 20,000 
acres were known to have been treated with insecticide and an 
estimated additional 45,000 to 50,000 acres existed on which control 
rreasures would have been economic (Jones, 1968). 
The severe outbreak of greenbugs in 1968 on winter wheat 
was not repeated in 1969. It may be speculated that temperature 
was the controlling factor. October terrperature data for Kennebec 
and Murdo, which are in the heart of the winter wheat area of South 
Dakota, indicate that in 1968 temperatures were near the normal 
high of 68° F. In 1969, howeyer, average highs were 55° F and 
the average temperature was 6° and 8° below nonnal (U.S. Departrrent 
of Cormerce, 1968 and 1969). 
Fall infestations of greenbugs on wheat have generally been 
known to follow a sumrrer of below normal terrperatures and high 
rooisture conditions (Fenton and Dahms, 1951). The 1968 fall 
outbreak, however, followed a sumrrer of higher than normal 
terrperatures. The greenbug biotype infesting sorghum reproduced 
well when field temperatures reached 43° C (110° F) (Wood et!}_., 
1969). Biotype Chas a seasonal developrrent pattern different 
from that of biotype B. 
Biotype B greenbugs have been reported to reproduce when 
field temperatures are as low as 4.44° C (40° F). Whereas, its 
natural enemies can not reproduce well below 18.3° C (65° F) in 
the field (Daniels and Porter, 1956). However, no field data 
has been recorded for the C biotype during cold temperatures. 
Biological control attempts with the original biotype under cool 
temperatures have met with little success (Hunter, 1909; Dahms 
and Fenton, 1951). 
G reenbug Bi otypes 
Certain differences in populations of~- graminum based on 
reaction to feeding have been known for sorre time. Wood (1961) 
discovered that field populations of greenbugs reacted dif-
ferently to barley, oats, and wheat than greenhouse colonies 
he had maintained. Previously resistant varieties of grain were 
destroyed by field populations, but not by the greenhouse variety. 
Wood found that the greenhouse variety was comparable to those 
reported by Dahms (1948). The difference in these two strains 
led to the classification of biotypes A and B. (Wood, 1961). 
When a third biotype was determined, it was classified biotype 
C. (Harvey and Hackerott, 1969a). 
The differential characteristics of these three biotypes 
have been sumrrerized by Wood et~- (1969) as follows: 
Bi otype A - The "ori gi na l II greenbug to which 
resistance has been developed in wheat, barley, 
and oats, but which does not occur in South-
western small grain fields now. Dickenson Sel 28A 
wheat and wheat hybrids containing this germ plasm 
are resistant to biotype A, but all wheats are 
susceptible to biotypes Band C. However, Will 
barley maintains resistance to biotvpe A. This 
greenbua is not morphologically or ecologically 
different from biotype B, but both differ in this 
respect from biotype C. Feeding is in the phloem 
sieve-tube of the leaf vascular bundle. 
Bio~y~y_ - This greenbug currently infests small 
grains in the Southwestern U.S. Dickenson Sel 28A 
and all other wheats and wheat hybrids are suscep-
tible, but Will barley maintains resistance to it. 
This greenbug is not morphologically or ecoloqically 
different from biotype A, but both A and B differ 
from biotype C in this respect. Feeding is in the 
parenchyma of the leaf, in contrast to the phloe~ 
feeding by biotypes A and C. 
Bioj:~f - This 11 greenbug 11 infests and damages srriall 
qrai ns and sorghums. A 11 wheats and wheat hybrids are 
susceptible, but Will barley maintains resistance 
to it. It is norphoiogicaily and ecologically dif-
ferent from A and B . It i s mu ch 1 i g her i n co 1 or; 
the cornicles are yellm•Jish-green with no blackening 
(1/3 of distal end black in A and B)~ tips not ex-
panded, and vJri nk les are present th rou9hout their 
entire 1 ength ( \'lri nk l es present on bas a 1 portions 
only for biotypes A and B); lateral abdominal 
tubercles are present on rrore abdominal segments 
than I and VII, as is the case for biotynes A and B; 
it has more sensoria on the third antennal seqr.ient 
than the normal 6 for biotypes A and B; feeding 
is in the phloem of the leaf vascular bundle; 
developrent and reproduction rates on nearly 
mature sorghum plants are about 5 times greater 
than for biotypes A and Bon similar plants; about 
10% are males and eoas are denosited inside cages, 
whereas, no males have been observed in colonies 
of biotypes A and B; and developr.ient takes place 
in the field at temperatures as high as 110° F, 
whereas biotypes A and B leave small grain plants 
when temperatures reach 80-85° F. 
The vari ~ti on between bi otypes A and B and bi otype C is 
morphological, physiological, and ecological. Wood et tl• {1969) 
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believed that the occurrence of males in biotype C populations 
indicates that it may be another species or subspecies of 
Schizaphis. At the present time, however, taxonomists do not 
consider the differences of enough significance to warrant 
reclassification. 
In addition to the above differences in biotypes, Harvey 
and Hackerott (1969a) make a short reference to higher produc-
tion of alates in the C biotype, but no data has been recorded 
to support this observation. 
Little is known about the factors involved in production 
of alate greenbugs, although research has been devoted to this 
area on other aphids (Rivany, 1937; Schaeffer, 1938; White, 1946; 
Shull, 1942; Johnson and Birks, 1960). It has been observed that 
greenbug alates are most nurrerous in the field during drought and 
windy periods, and that these forms produce less efficiently 
than apterous greenbugs (Daniels et!!_., 1956). 
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It has been reported that the B biotype showed a significantly 
higher reproductive rate on wheat and barley then bi otype C. 
However, temperatures varied widely in this test and the slight 
resistance shown in wheat to the C biotype does not appear to 
be sufficient to protect the crop (Harvey and Hackerott, 1969b). 
It is possible that the interaction of host, temperatures, 
and aphid may -show differences in biotypes Band C as has been 
previously demonstrated in greenbug biotypes A and B recorded 
by Singh and Wood (1963) and in the spotted alfalfa aphid 
recorded by Hackerott and Harvey (1959). 
There is little difference in the weight of ins tars of the 
greenbug reared on grain sorghum or wheat. (Daniels and Jackson, 
1968). 
Terrperature Studies 
There appears to be discrepancies between early and more 
recent temperature studies on the greenbug. This is probably 
due to refined techniques and neasurements taken closer to 
actual greenbug habitat in later studies and possibly differences 
of biotypes. 
11 
Several early t.emperature i nvesti gati ons indicated the green-
bugs could reproduce at temperatures as low as 35° to 40° F (1.67° 
to 4.44° C) (Hunter, 1909; Webster and Phillips, 1912; and Wauley, 
1931); other early temperature studies were reported by Glenn 
{1909) and Headlee (1914). 
From field observations alone, Hunter (1909) recorded 36° F 
{2.22° C) as the lowest temperature which allowed parthenogenic 
reproduction of greenbugs. 
Webster and Phillips (1912) working indoors reported that 
vi rgi nopa ra produced offspring at a s 1 ow rate of 1 es s than one 
offs·pring per aphid per day at 40° F (4.44° C). They also 
reported that under field conditions five virginopara produced 
an average of 2.2 offspring per day when temperatures ranged 
between 37° and 78° F {-6 .11 ° to 7. 22° C). These short term 
observations lasted for only 7 and 11 days respectively. 
In a Minnesota laboratory study, Wadley (1931) found that 
developrrent took place from 44.6° F to 91.4° F (7.0° to 33.0° 
C) with a maximum reproduction at about 72° F (22.2° C). He 
also found greenbug reproduction optimum with a photoperiod 
of approximately 16 hours. 
Entomologists have also established different temperature 
ranges for the optimum and maximum temperature of greenbua 
reproduction. Hunter (1909) found the optimum to be 68° F 
(20° C) with reproduction ceasing at teP.1Peratures above 84° 
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F (28.9° C). Headlee (1914) recorded results with constant 
temperatures of 50° to 90° F (10.0° to 32.2° C). He found the 
optimum between 71° and 73° F (21.7° and 22.8° C) and maturation 
was not affected by relative humidity. Wadley (1931) found little 
or no variation in biological parameters of greenbuqs by fluctua-
tion in relative humidity as long as fresh green host-plant 
material was available. 
Glenn (1909) while not working with lower temperatures, 
reported that when rrean monthly temperatures ranged from 70° to 
00° F (21.1° to 26.7° C), the average life span of the greenbug 
was 35.2 days. _ The average reproduction being 22.7 days and 
the average progeny produced by virginopara was 55.4. 
These reports were taken from field and greenhouse observa-
tions before more refined equiprrent for control and measurement 
of environmental pararreters had been developed. Daniels (1963) 
pointed out that field observations of temperature were usually 
taken at levels away from the actual habitat of the aphid. He 
found temperature readings could actually be 9° to 15° F (5.00° 
to 8.33° C) higher at ground level in the sun than at 5 fe~t 
above the ground in the shade. 
In more recent studies, Daniels and Porter (1956) reported 
greenbugs could reproduce in Texas at 40° F {4.44° C) but reproduced 
at a much more rapid rate between 55° and 80° F (12.8° and 26.7° C) 
in the field. 
In laboratory studies Daniels (1963) used a growth chamber 
to more closely control temperature and humidity. With optimum 
conditions of 30% to 40% relative humidity, temperatures from 
72° to 75° F (22.2° to 23.9° C) and a photoperiod of 16 hours, 
an average life span of 40 days and an average of 71 offspring 
per aphid were observed. The average offspring produced per day 
was 3.1 and the greatest number produced was seven in one day. 
Further constant temperature and controlled environment 
studies were conducted to determine the minimum temperature at 
which green bugs could reproduce. At temperatures between 72° 
and 75° F (22.2° and 23.9° C), reproductfon was significantly 
higher than at 65° F (18.3° C) and at 50° F (10° C) reproduction 
ceased (Daniels, 1963). 
256741 
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The 1 i fe span shortened as the temperature decreased and al 1 
nymphs which were produced at 52° F (11 .1° C) or lower were produced 
in the first week. Below 52° F (11.1° C) adults appeared dormant 
and unproductive. When temperatures ranged from 47° to 50° F 
(8.33° to 10.0° C), only b~o out of 40 nymphs survived for more 
than 10 days and they required periods of 27 and 29 days to com-
plete the four moults to the adult form. They survived 3 days as 
adults but did not reproduce (Daniels, 1963). 
Singh and Wood (1963), in controlled envi ronrrent tests, found 
biotypes A and B to show a difference in fecundity at hiqher 
temperatures on Dickenson Sel 28A wheat. - There was no difference 
noted at lower temperatures. 
The highest limit of temperature for reproduction of biotype 
B was established at 37° C (98.6° F) (Daniels, 1967). The C 
bi otype which infests sorghum has, however, been observed oroduci ng 
well when temperatures reached 42° C (110° F) in the field (Wood 
et ~- , 1969). 
Controlled environnEnt studies on other aphids have revealed 
that temperature and photoperiod can be related to both the re-
productive forms JrOduced and wing formation (Kenton, 1955; Lees, 
1959; and Lees, 1960). 
Observations have been made indicating that certain aphid 
strains could . reproduce we 11 at various terrpe ratures on a given 
host while other strains of the sane species could not. Research 
in this area has been conducted by Dahms (1948) on the greenbug 
and Wood (1961) on greenbug determination studies using resis-
tance screening techniques related to temperature. 
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MATERIALS 
Insects 
The greenbuq (Schizaphis_ graminum Rond.) belongs to the 
family Aphi di d~e in the order Homptera. In earlier 1 i terature, 
~- graminum had been classified in the genus To~E_P.te_rE- and 
sorretimes referred to by the corrmon nane of the spring grain 
aphis (Matthew, 1953). Two biotypes of this species were col-
1ected in South Dakota, biotypes Band C (Fiqure 1 and 2). 
The insects were maintained in colony and comparisons were made 
between biotypes in this study. All aphids used in this project 
were either al ate or apterous vi rgi noparae. 
Plants 
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Of the hard red winter wheat varieties grown in South Dakota, 
Lancer winter wheat was chosen as the main host for rearing 
colonies and as a representative of winter wheat in temperature 
studies. Lancer was released in Nebraska in 1963. Parentage of 
this variety is Turkey Cheyenne X Hope Cheyenne . . This grain is 
characterized by medium early maturity, strong straw strength, 
and short plant height (Bonnemann, 1970). 
There were several reasons for the choice of this host. 
First, Lance~ winter wheat is one of two varieties presently 
recomrrended in South Dakota based on its long term yielding 
Fig. 1. i• g_raminum adult apterous vir9inopara. Biotype Cleft. 
Biotype 8, right (15 X). 
Fig. 2. Higher magnification showing difference in blackened 
area of cornicals on both biotypes. (25 X). 
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records in major winter wheat production areas of the state 
(Bonncmann, 1970). Second, of all hard red winter wheat in 
South Dakota in 1969, Lancer had the highest acreage (South Dakota 
Crop and Livestock Reporting Service, 1970). Acreage and per-
centage of wheat varieties planted in South Dakota in 1969 are 
listed in Table 1. Thirdly, Lancer was selected because it could 
support large infestations of greenbugs for a reasonable amount 
of time. 
Other hard red winter wheat varieties screened as rearing 
hosts were: Minter, Hutre, Scout and Scout 66. Dickenson 
Sel 28A (Sel=Selection) was used in various experiments but was 
not utilized as a stock colony host-, i.e. a host on which greenbug 
colonies could be maintained. 
Hosts other than winter wheat used for rearing aphids in-
cluded Blanco and CI 666 Barley, and Reliance grain sorghum. 
Western wheat grass (Agropyron smithii Rydberg) and Reliance 
grain sorghum were used as alternate hosts in several tests during 
this study. 
· Greenhouse 
Stock colonies of both biotypes were maintained in an isola-
tion cubicle in the insectary greenhouse at the Northern Grain 
Insects Research Laboratory at Brookings, South Dakota. Winter 
sunlight conditions were augrrented with clocked fluorescent lamps 
3 feet above the greenhouse bench. Temperature was controlled by 
a thennostat in the isolation cubicle. 
Table 1. Acreage of hard red winter wheat planted in South 
Dakota in 1969. Jj 
Wheat Pl anted Acres % Winter Hheat % All Wheat 
Lancer 
Scout 
Hune 
Gage 
Minter 
Nebred 
Omaha 
Scout 66 
Wichita 
Ottawa 
Warrior 
Other 2/ 
Total 
358,200 
168,000 
45, 100 
43,700 
42,900 
20,700 
11 ,800 
7AOO 
7,400 
6,700 
5,200 
22,900 
740,000 
48.4 
22 .1 
6. 1 
5.9 
5.8 
2.8 
1.6 
1.0 
1.0 
0.9 
0.7 
3. 1 
100.0 
Ji Based on tables of South Dakota Crop Reporting Service 
Bulletin (1970). 
2/ Includes all minor and unknown varieties. 
16.4 
7.7 
2. 1 
2.0 
2.0 
0.9 
0.5 
0.3 
0.3 
0.3 
0.2 
1.2 
33.9 
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All plants were reared on bench space in the clean house 
section of the greenhouse complex and transferred to the aphid 
rearing sec ti on or growth chamber as necessary. 
Growth Chamber 
The environmental control chamber (Figure 3) used in this 
study was manufactured in 1966 by Percival Refrigeration and 
Manufacturing of Des Moines, Iowa. The unit was housed in a 
laboratory space at South Dakota State University Entomology-
Zoology Departrrent at Brookings, South Dakota. 
Accurate temperature control capabilities ranged from 40° 
to 1i0° F (4° to 40° C). The unit is equipped with fluorescent 
and incandescent lighting with the photoperiod timed by single 
pole, single throw tirre clock switches. There are two banks of 
eight fluorescent lights each and one bank of 10 incandescent 
lights. Each bank is controlled by a separate clock (Figure 4). 
The two banks of fluorescent lighting were used in this study 
producing approximately 10,900 lurrens. 
There was 14 square feet of total bench space within the 
cabinet. A maximum of about 70% of this area was utilized. 
Two systems for contra 1 of temperature were _ avail ab 1 e on the 
cabinet. Paragon® tirred clocks for diurnal settings and a Part-
lo~ 24 hour _recorder and temperature control. The latter was 
used in this study (Figure 4). 
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Fig. 3. Environrrental control chamber with 
extemal ly mounted water source for 
humi di fi er. 
21 
Fig. 4. Controls for growth chamber - Photoperiod 
control, top row of clocks, temperature 
control, lar9e recording wheel to the right. 
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Hurni di ty within the cabinet was produced by a Wal to~ atomizer 
unit (Figure 5). The atomizer received distilled water from an 
externally mounted carboy on top of the cabinet feeding the atomizer 
by gravity flow. Water was transported from the carboy to the 
atomizer unit through a length of polyethalene tubing entering 
the cabinet through a porthole on the front wall. The atomizer 
was controlled by a human hair sensor humidistat inside the 
cabinet. 
Temperature and relative humidity within the cabinet were 
checked with the aid of a wet and dry bulb thennorreter and a 
recording 7-day Hygro-Thermograph. 
Miscellaneous Equiprrent 
Cages used for confining stock colonies of aphids were cy-
linders constructed of cellulose nitrate sheets with a diameter 
of 9 cm. The cages were approximately 35 an high. The top of 
the cylinder was covered with bolting cloth (Figure 6). 
There were nine holes for ventilation 2 1/2 cm in diameter 
on three sides of the cage. Seven were covered with bolting 
cloth and two were plugged with rubber stoppers to allow access 
to the aphids without removing the cage. 
Cages used for confining aphids to a single plant were made 
of cellulose nitrate tubing 4 cm in diameter and approximately 
25 an in height . The top of the cylinder and a 4 1/2 x 1 1/2 cm 
window on the face of the cage were covered with bolting cloth 
(Figure 7). 
Fig. 5. Wa 1 ton® atomizer used to add h umi di ty to 
the growth charmer. 
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Fig. 6. Large cellulose nitrate cages used to 
house stock colonies of aphids. 
25 
Fig. 7. Tubular cellulose nitrate cages (foreground) 
used to confine aphids to a single plant. 
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Box cages used to confine aphids on grain sorghum consisted 
of a hinged plastic box 1 1/2 x 3 x 1/2-inches. A notch was cut 
on both sides of the box and lined with synthetic sponge. A 1/2-
inch ventilation hole covered with bolting cloth was present on 
either side of the box. This apparatus was originally designed 
for confinement of aphids on barley by Branson and Ortman (1967). 
All cellulose nitrate and plastic box cages were obtained 
from the Northern Grain Insects Research Laboratory Brookings, 
South Dakota. 
Individual leaf cages used to confine a single aphid on a 
wheat leaf were constructed of 2-inch lengths of 1/4 inch 
(internal diarreter) vinyl plastic tubing, blocked at each end by 
a cotton swab. The bottom plug was dipped in India ink to con-
trast in color with exuviae. The tubing was secured to a stake 
by a rubber band (Figure 8). 
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Exuviae collected from the leaf cages were stored in numbered 
insect genitalia vials. Measurement of exuviae was made with a 
binocular microscope equipped with a calibrated ocular microrreter. 
Exuviae were placed on the adhesive side of transparent trending 
tape affixed to a standard microscope slide. 
Plastic disposable petri dishes lined with moist Whatman 
No. l filter paper were used to germinate all seeds for plants 
used in this study to assure uniformity in plant age. 
Fig. 8. Vinyl plastic cage used to house one aphid 
on section of wheat leaf. 
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Microphotographs of aphids and exuviae were taken with a 
. ® 35 mm Photoautomat automatic shutter carrera rrounted on a binocular 
microscope. Kodak plus-x pan 135 film was used and exposures were 
made at ASA 160 using a constant light source. 
METHODS 
Collection and Establishrrent of Colonies 
There were two field collections made of s. graminum in the 
sumrrer of 1969. Speci~ns of the B biotype were taken from a 
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test plot of spring wheat in mid-July by personnel of the Northern 
Grain Insects Research Laboratory Brookings, South Dakota, and 
were reared on Blanco barley. 
Greenbugs of the B biotype for this research were obtained 
from this colony early in the fall of 1969 and were transferred 
to Minter wheat . The C biotype was collected on grain sorghum 
and remained on this host until the selection of Lancer wheat 
. as a rearing host was made. 
The field collection of the C biotype was initially con-
taminated by a braconid parasite. Larvae of this insect were 
reared to adults and specirrens were sent to the Plant Pest Survey 
and Detection Agency of the United States Departrrent of Agriculture 
for determination of species . . 
The parasite was identified as Lysiphlebus testace~~ 
(Cress.) by P. M. Marsh. Attempts were made to isolate this 
Parasite and rear it in separate colonies. However, the problem 
of reinfestation of the biotype colonies and the space limitation 
of the rearing . facilities available led to the abandonrrent of 
this project. 
Maintenance of Colonies 
Wheat used for rearing aphids was planted in 4-inch pots 
with approximately 20 seedlinqs per pot. Plants infested with 
aphids were covered by cellulose acetate cages and placed in 
watering pots in the isolation cubicle. 
When a new host was needed, the transfer of aphids from 
infested to clean plants was accomplished by removing the cage 
and shaking the infested plants over new wheat seedlings. 
Segregation of the two biotypes was maintained by spraying the 
greenhouse bench and caqed pots with water after the transfer of 
one biotype. All infested plants were discarded and the bench 
again flushed with water before new plants were brought in for 
transfer of the other biotype. 
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Frequent inspections reve.a 1 ed no contamination from one 
colony to the other when this rrethod was used. Si nee reproduction 
was parthenogenic, no cross breeding could occur and any con-
tamination of one biotype into a colony of the other could have 
been discovered by color variation evident in the two biotypes. 
Colonies could be maintained on Lancer wheat for a period 
of 1 to 2 weeks dependent on plant age, initial aphid pop-
ulation, and the temperature in the greenhouse. 
The best combination of factors for rnaintainin~ satisfactory 
colonies was (1) Plants that ran ge d from 3 to 4 weeks of 
age and had attained heights of over 10 cm, (2) A temperature 
near 70° F (21.1° C), (3) Low initial infestation of aohids (less 
than 100 aphids per pot). 
Alates were produced by a heavy density or crowdinq effect 
before it becarre necessary to transfer to a new host. 
Aphids were transferred when plants shm·1ed pronounced yellowin~ 
and large nurrbers of aphids ceased to feed and began to search 
about the cage . 
A photoperiod of at least 12 hours was assured throughout 
the winter by the use of fluorescent lighting in the greenhouse 
controlled by a clock system. Fluorescent lightinq was not used 
after April 1, 1970, when the actual daylight hours were sufficient. 
The temperature was control led by a thermostat set at 70° F 
(21.1° C) but temperatures fluctuated from 65° F (18.3° C) to 
00° F (26.7° C) during the winter roonths. After the first week 
in June, temperatures in the greenhouse periodically rose so high 
the B biotype ceased to reproduce. Additional colonies \•1ere then 
maintained in a growth chamber for the rest of the summer. 
The relative humidity was not controlled in the greenhouse 
and ranged from a low of 60% to 100% relative humidity after 
watering of plants occurred. 
Qeerati on ot the Growth Chamber 
The purpose of this stµdy was to research the effect of 
fall temperatures on both greenbuq biotypes found in South Dakota. 
Therefore, other factors controlled in the cabinet were to remain 
constant. 
The photoperiod was set at 11 hours (from 7:00 AM to 
6:00 PM) to approximate the third week in October at 102° 
west longitude in South Dakota to coincide with the middle 
of the winter wheat growing season. Sunrise to sunset in this 
area ranges from 11 hours, 5 minutes to 10 hours, 57 minutes from 
the 18th to the 26th of October {U.S. Navy, 1959). 
A standard definition for length of photoperiod has been 
used by various researchers. Twelve hours of light is considered 
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a 11short day" and 16 hours of light is a "long day" for environ-
rrental studies of aphids in qrowth charmers (Kenton, 1955: Lees, 
1959 and 1960). The photoperiod in this case, intended to approxi-
mate field conditions, is sorrewhat less than the short day standard 
used in rros t studies. 
The relative humidity was set at 70% which was slightly 
higher than field conditions to facilitate stabilization of 
temperature within the cabinet. All plants used in this study 
were in 2-inch pots placed in 4-inch watering pots. The watering 
pots were covered with aluminum foil with a 2-inch hole re-
inforced with masking tape for the potted wheat, to prevent 
increases in humidity when plants were watered (Figure 9). The 
humidity was controlled as closely as possible in the chanter 
despite t~e fact that previous work on the greenbug indicated 
little or no -variation in biological pararreters due to humidity. 
Fig. 9. Aluminum foil covered watering pots for 
stabilization of humidity within the growth 
chamber. 
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Bench hei ght in the chamber was set at 80 cm from the 1 i qht 
source to reduce to mini ma 1 the temperature vari ation due to 
radiant heat durin g daylight hours. Onl y fluorescent li qhtin~ was 
used in the grO\'lt h chamber as incandescent liqhting produces 
radiant heat with enough intensity to raise dayligh t te~peratures 
4° F (2.2° C) at a 60° F (15.6° C) settinq. yJith t hese neasures 
taken, it was not necessary to operate the growt h chanter on a 
di uma 1 settin g. 
The watering pot s were numbered 1-35 as were t he potted plants 
used in experi rrents. In al 1 experiments pl ants were removed daily 
for watering and replaced in another waterin9 pot dete rmined by a 
table of random numbe rs. Although potted wheat was moved daily 
watering pots remained in set positions. In this way, the effect 
of a possible vari ation of conditions within the charmer was kept 
to a minimum. 
Greenhouse Studies 
Live shiprrents of the two suspected ~iotypes were taken fro m 
the colony and sent to the Small Grain Insects Investigations 
Departirent of the En t omoloqy Research Division of the United 
States Departrrent of Agriculture at Stillwater, Okl ahoma, for 
varification of biotype. 
During the tirre biotype determination was being verified by 
researchers in Oklahoma, several tests were made to give an 
indication of which biotypes were involved in the study and their 
reaction on various host plants . 
Biotype Preference Test on Lancer and Dickenson Sel 28A Varieties 
A preference test was perforrred by infesting Lancer and Dickenson 
Sel 28A wheat with nymphs of both biotypes. Aphids were offered 
free choice in caged pots containing both varieties. Twenty pots 
were planted with four seedlings of each variety. Plants were 
infested at 14 days of age and covered with cellulose acetate 
cages 9 cm in diarreter. 
Ten pots were used for each biotype. Twenty nymphs (second 
and third instar) were placed on the soil of the caged wheat. 
Nyrrphs were selected by size in relation to reproducing adults 
and utilized because they would not reproduce. Equal numbers of 
aphids were placed at the base of each variety of wheat. The 
nymphs were allowed free choice between both varieties as there 
was no obstruction from one clone of wheat to the other. The 
variety the aphids chose was observed and recorded for 5 days. 
Temperatures during this study remained near 70° F (21.1° C). 
Plant Resistance Test for Biotypes Band C - Lancer and Dickenson 
Sel 28A wheat· varieties were grown in 2-inch pots for 14 days. 
Ten plants of each variety were utilized. Each variety was 
infested with both biotypes (five plants per biotype). Two 
adult aphids were selected from stock colony cages and placed on 
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wheat seedlings with a carrel's-hair brush. Plants were covered 
with cellulose nitrate cages 4 cm in diarreter and observed for 
a period of 15 days. Temperatures in the greenhouse remained 
near 70° F (21.1° C). 
This test was pe rforrred to imp 1i cate or rule out bi otype A, 
as Dickenson Sel 28A is resistant to this biotype. It also· 
irrplemented the developrrent of the damage rating system to be 
utilized in later temperature studies. Subjective damage was 
rated on a scale from Oto 10 (Table 2). 
37 
Survival of Biotypes on Grain Sorghum - A 11 known greenbug bi otypes 
can survive on grain sorghum. However, it has been reported that 
the C biotype can \·lithstand higher temperatures during the sumrrer 
months on this host than either biotype A or B. Advantage was taken 
of the varying temperatures in the greenhouse during June of 1970 
to compare survival of both biotypes. 
Reliance grain sorghum was planted (one plant per pot) in 6-
i nch pots. The pl ants were grown to heights of 17 to 20 inches. 
Ten plants were utilized, each infested with 10 adult alate aphids 
(5 per plastic box . leaf cage). Tota 1 nunt>ers were recorded once a 
day for 5 days. 
Two replicates of this test were conducted during June 1970. 
The first occurred when temperatures remained near 70° F (21.1° C) 
and the second when temperatures in the greenhouse rose over 100° F 
(38° C). 
Table 2. Subjective Damage Rating System 
0 -- No visible damage to the host plant. 
O+ Slight damage, local necrotic feeding spots less than 1 cm. 
1 Damage to over 1 cm to yellowing of 1/2 of 1 leaf. 
2 Damage to at least 1/2 of 1 leaf or lesser damage to 2 
leaves, equal in area to rrore than 1/2 of 1 leaf. 
3 -- Damage to at least 1 leaf or lesser damage to 2 or more 
leaves, equalling the area of 1 leaf. 
4 Damage to 1 and 1/2 leaves or equal area of the plant. 
5 -- Damage to 2 leaves or the equivalent of rrore than 1/4 of 
the plant, but less than 1/2 of the plant. 
6 -- Damage of pronounced yellowing of mere than 1 /2 but less 
than 3/4 of the plant. 
7 -- Damage to roore than 3/4 of the pl ant, but sone green areas 
s ti 11 present. 
8 -- Damage to all of the pl ant, areas that are green are very 
pale and most of the plant is yellowed. 
9 -- Yellowing of the entire plant, no green color left, but 
majority of leaves are still erect. 
10 Death of the plant, rrost leaves withered, large numbers 
of aphids cease feeding and search cage. 
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Survival of Biotypes on Western Wheat Grass · - In years previous to 
the greenbug outbreak on sorghum in 1968, the greenbug had been 
reported to oversumrrer on western wheat grass (~roPYron smi thii 
Rydberg). An attempt was made to determine the effect of high 
temperatures to both biotypes while on this host in the greenhouse. 
Western wheat grass was planted in clones of 7 to 10 plants 
per pot. When telll)eratures rose to levels near 100° F (38° C) at 
mid-day in the greenhouse, 20 nymphs (second and third instar) 
were placed on each pot and covered w~th cellulose nitrate cages 
4 cm in diarreter. Numbers of aphids were recorded daily for 5 
days. 
Growth Charrter Studies 
Growth and Reproduction Studies at 63° F (17. 2° C) - Temperatures 
of 60° to 65° F (15.6° to 18.3° C) are normal in major winter 
wheat production areas of South Dakota during the early growing 
season in mid-October. Since most predators and parasites of the 
greenbug do not reproduce well below 65° F (18.3° C) {Daniels 
et al., 1956), the upper limit of temperature used in the growth 
--- . 
chanter was 63° F (17.2° C). 
Aphid colonies were placed in the chanber for 7 days 
prior to the beginning of the experirrent to adjust to an 11 
hour photoperiod and the cooler temperatures. Only adult alate 
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aphids located on the top of the rearing cages were selected as 
parent aphids. This method was used to obtain individuals of about 
the sarre age beginning their reproductive period. 
Two replicates of instar developrrent time and reproductive 
rate observations were made at this temperature. The first 
involved 5 aphids of each biotype and the second, 13 aphids 
of each biotype for developrrent and 10 aphids for reproduction. 
The reduction was caused by loss of aphids by manipulation and not 
natural roortality. 
First instar nymphs were obtained from alate parents by placing 
the parent a 1 ate aphid in i ndi vi dua 1 rearing cages for 24 hours . 
At the end of this time all aphids that had reproduced were marked 
and all offspring removed. 
After an additional 4 hours, the new first instar nymphs 
were removed with a carrel's-hair brush and transferred to a poly-
ethalene tubing leaf cage mounted on a wheat leaf. In this way, it 
was known that all nymphs began the experiment at from Oto 4 hours 
of age. 
During the nymphal stage of the aphid, plants were checked for 
exuviae three times a day; at 8:00 AM, 4:00 PM, and 8:00 PM. Cast 
skins were removed after each moult and the elapsed time recorded. 
On the second replicate, all exuviae were saved for measurement 
of various body parts. 
When the aphids reached the imago stage, observations were 
made once a day and the offspring removed until the aphid ceased 
to reproduce . 
Measurerrent of Exuviae - The cast skins were collected from the · 
bottom plug of the leaf cage after each rroult and transferred 
to numbered insect genitalia vials. All exuviae collected were 
neasured with a calibrated microrreter on a binocular microscope. 
Exuviae of all four nyrrphal stages were examined. Five char-
acteristics were rreasured during this study (Figure 10). 
1. The length of the right antennae from the anterior angle of 
the pedicle through the length ·of flagellum. 
2. Length of the right prothoracic tibia, lateral angle. 
3. The entire body length from the apex of the head to the 
end of the abdomen. 
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4. The frons width at the widest point between the genal sutures. 
5. The rostrum length from the distal end, the length of the 
darkly pigirented area. 
Growth and Reproduction Studies at 50° F (10° C) - The temperature 
within the growth chamber was dropped to 50° F (10° C) to simulate 
cooler fall temperatures. The procedure for preparing wheat and 
aphids was identical to the orocedure at 63° F (17.2° C). A 
comparison, involving both biotypes Band C, was made of the 
temperature settings. 
{4) 
{2) 
(5) 
{1) 
Fig. 10. Measurement of nyfll)hal exuviae (fourth instar 
50 X). (1) antennal length, (2) prothoraci c 
tibia length, (3) body length, (4) frons 
width, and (5) rostrum length. 
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( 3) 
Due to longer instar developrrent time and decreased re-
productive rate, only one replicate w~s attempted at this lower 
temperature. There were ten aphids of each biotype utilized in 
growth observations. 
The cages were checked every 24 hours for exuviae. The 
tirre was recorded and the cast skins collected for rreasurement 
(Figure 11). When the aphids reached the adult stage al 1 off-
spring were recorded and removed. Only eight aphids of each 
biotype remained for reproduction observations. Loss was due 
to normal handling. 
Least squares analysis of variance was used to corrpare 
significance of pararreters of each biotype at each temperature 
and also used to assess the effect of decreased temperature on 
both bi otypes. 
Compar{g>.!}_ of A late anq_j\Q_~~_r,2us~ren!_Aphi~~- to W~at Injur1_ 
and Po Ym<?iPfi~~-m of Offsp~inq at 63°F (17.2° C~wowheat 
damage tests were perforrred at 63° F (17.2° C), one using alate 
parent aphids and the other using apterous parent aphids of 
both bi otypes. 
Lancer wheat for the experiments was germinated for 4 
days before planting. Sprouted seedlings of the sarre size were 
selected and placed in 2-inch pots in the greenhouse. Plants 
were infested ·with aphids 14 days later. 
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Fig. 11 . Relative sizes of nymphal exuviae. First 
instar, upper right. Fourth instar, lower 
left {15 X). 
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Two adult aphids were placed on each plant with five plants 
per treatrrent. Two additional plants were used as checks for 
comparison of plant growth in each test. 
All plants were covered with cellulose nitrate cages 4 cm 
in diarreter. Plants were rreasured to the nearest 1/2 cm within 
the cages at 0, 7, and 14 days after infestation. 
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The apterous and alate aphids were tested at different times 
but under the sane environmental conditions. Plants were observed 
daily. Offspring were recorded for 13-days, after which time 
they becarre too nurrerous to count. 
During the period of infestation, subjective damage ratings 
were assessed from a scale of Oto 10 (Table 2). When tenninal 
damage occurred, all aphids were removed from the plants and 
counted. Plants were cut at the base and brushed over a pan 
flooded with 70% alcohol. All aphids were removed from the cage 
and dirt at the base of the plant with a carrel 1 s-hair brush. 
The total number of aphids, adult alate and nymphs with visible 
wing pads were counted. 
Survival of Nymphs of Biotypes Band Con Lancer and Dickenson 
Sel 28A Wheat at 636 F (17.2 6 C) - First instar nymphs of both 
biotypes were placed on Lancer and Dickenson Sel 28A wheat. The 
aphids were caged in 1/4-inch tubular polyethalene cages. Ten 
nyrtl)hs of each bi otype were p 1 aced on both va ri eti es of wheat. 
Al 1 nymphs were from O to 4 hours old. Observations were made 
once a day un ti 1 the imago began to reproduce. Morta 1 i ty was 
recorded. 
Reproduction and Survival Under Decreasing Temperature - A test 
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was conducted to determine the minimum temperature at which adult 
apterous greenbugs would reproduce and remain alive. Late fourth 
instar and adult aphids that had not begun reproduction were selected 
from stock colonies. Fifteen aphids of each biotype were placed 
in individual polyethalene tubular leaf cages on Lancer wheat and 
placed in the growth charmer at 70° F (21.1° C) for 3 days. At which 
time, all aphids had begun to reproduce. The temperature was then 
dropped 5° F daily unti 1 all aphids- ceased to reproduce. Offspring 
were recorded and removed daily. 
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RESULTS AND DISCUSSION 
G~enhouse Studies 
The main objective of the greenhouse studies \'las the deter-
mination of bi otypes used in the growth charmer studies. It was 
obvious from the time the aphids were co 11 ected that b10 greenbug 
biotypes were involved. The aphids collected on sor9hum were much 
lighter in general body color than aphids collected on wheat and 
lacked any black coloring on the distal end of the comicles, as 
was seen on the aphi d from wheat (Figure 2). These morphological 
characteristics coupled with the difference in host on \'lhich the 
two types were found, indicated that the aphids were probably bio-
types C and either A or B. 
In a host preference trial there were no observed differences 
between biotypes in selection of Lancer or Dickenson Sel 28 A (Table 3). 
A plant resistance test for Lancer and Dickenson Sel 28A showed 
both varieties were de stroyed by either biotype within 15 days 
(Table 5). There was no indication of Dickenson Sel 28A being 
more resistant to feeding damage than the susceptible Lancer wheat 
using a 0-10 subjective damage rating system. This strongly in-
dicated that greenbuq biotypes Band C were involved since Dickenson 
Sel 28A is resistant to biotype A. 
Biotype Chad been known to have a much hi gher fecundity in 
the field on sorghums than biotype B durino periods of high tem-
peratures. In the greenhouse, survival and reproduction on Reliance 
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grain sorghum was similar for both suspected biotypes confined in 
plastic box cages when temperatures remained near 70° F (21.1° C). 
However when temperatures rose to 90° F ( 32. 2° C) or roore, bi otype 
C survived better and reproduced more prolifically than biotype B 
(Table 4). This indicated the aohid collected on sorqhum was 
bi otype C. 
No difference was noted in biotyre survival on western wheat 
grass (~2_21ron s~ithi.:!._ Rydberg), indicating it could serve as a 
surmrer host for both biotypes B and C. 
The author's tenative determination of biotypes Band C was 
confirrred by entomolo gists involved with greenbuq biotyoing studies* 
(Starks, 1970). 
Growth Chamber Studies 
Reproducti_on and Survival_ Under Decreasinq Temperature - Reproduction 
decreased as the tempe rature was lowered from 70° F (21.1° C) in-
dicating optimum re production was at or above this temperature. At 
50° F (10.0° C) both biotypes produced an average of over one off-
spring per day, but the daily offspring decreased to trace numbers 
at 45° and 40° F (7.22° and 4.44° C). All reproduction ceased 
at 35° F (1.67° C) with mortality beoinning at 45° F (7.22° C) 
(Table 6). The mortality ratio is expressed as the nurmer dead 
preceding the total nurrber of aphids in that biotype. 
*Personal communication with Dr. Kenneth Starks, Investigations 
Leader, Small Grain Insects Investigation Departrrent, Oklahoma 
State University, Stilh1ater, Oklahoma. 
Table 3. Five day host preference averages ·of biotypes Band C 
on Dicksenson Sel 28A and Lancer wheat varieties in 
the greenhouse. 
Day 
1 
2 
3 
4 
5 
Total 
Mortality 
Biotype B 
Lancer D.S. 
9.8 9.9 
9.7 10.0 
9.3 10 .o 
9.3 9.8 
9.2 9.7 
3 9 
Biotype C 
28A Lancer D.S. 28A 
9.1 10.3 
9 .1 10 .1 
9 .1 10.1 
9.1 9.9 
9.0 9.8 
4 8 
Table 4. Five day averages of greenbuq survival and reproduction 
during periods of moderate and hi gh temperature on 
Reliance grain sorghum in the greenhouse. 
70°-85° F 70°-105° + F 
Day Biotype B Bio type C Biotype B Biotype C 
1 5.0 5.0 5.0 5.0 
2 14.2 14 .1 7.0 8.0 
3 24.8 20.0 2.4 9.4 
4 34.4 30.0 0.3 12. 7 
5 44 .1 40 .1 0.0 16 .1 
Plant 
Height (cm) 19.6 17 .8 19.8 20.0 
49 
50 
Table 5. Average subjective greenbug damage ratings on Lancer 
and Dickenson Sel 28A wheat varieties in the greenhouse. 
Biotype B Bi otype C 
Day Lancer D.S. 28A Lancer D.S. 28A 
1 0.0 0.0 0.0 o_.o 
· 2 0.0+* 0.0+ 0.0+ o.o+ 
3 0.6 0.6 0.4 0.6 
4 1.0 1.0 1.0 1.0 
5 1.0 1.0 1.0 1.0 
6 1.0 1.0 1.0 1.0 
7 1.2 1.0 1.0 1.4 
8 , C 
, ,, 1.4 1.6 I .u I • t.t 
9 1.8 1.8 2.0 2.0 
10 2.4 2.2 2.6 2.4 
11 3.8 3.4 3.8 3.8 
12 4.6 5.0 4.8 4.8 
13 6.8 7.0 7.2 7.0 
14 9.2 8.8 9.2 9.0 
15 10.0 10.0 10.0 10.0 
*0.0+ indicates sli qht damage with no plant in a replicate 
sustaining a damaqe of 1.0 or nnre. 
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Table 6. Average daily greenbuq reproduction under decreasing 
temperatures on Lancer wheat. 
Temperature 70°F 65°F 60°F 55°F 50°F 45°F 40°F 35°F 
Biotype B 
Average 
Production 4.40 3.80 1.86 1.53 1.33 0.40 0.40 0.00 
Mortality 
Ratio 0: 15 0: 15 0: 15 0: 15 0: 15 0: 15 1 : 15 1 : 15 
Biotype C 
Average 
Production 3.86 3.40 2.06 1.30 1.00 0.27 0.20 0.00 
Mortality 
0 ·= 15 .Ratio 0: 15 0: 15 0 :15 0:15 2:15 2:15 2: 15 
Mel ti ~g Ti n-e of NyJ.::_.g~ of -~j~pes B and C on Lancer ~nd_D..j__ckensen 
Sel 28A Wheat at 63_.£_ ITT:...?.~_J_) - Observation of moltin9 tune of 
biotypes Band Con both \"/heat varieties utilized indicated that 
instar developnent tirre was similar on Dickenson Sel 28A and 
Lancer wheat. Developrrent tirre ranged from 8.8 days to 9.4 days 
(Table 7). 
Although the Dickenson Sel 28A variety was bred for resistance 
to greenbug attack, it is reported to be effective only against 
bfotype A which was not tested. 
Table 7. Average rrolting time of nymphal greenbugs on Lancer 
and Dickenson Sel 2~A wheat at 63° F (17.2° C). 
Biotype B Biotype C 
lnstar Lancer D.S. 28A Lancer D.S. 28A 
First 0.2 days 0.2 days 0.2 days** 0.2 days 
Second 2.8 3.2 3.0 3.0 
Third 5.2 5.4 4.6 4.6 
Fourth 7.0 7.2 6.6 6.6 
Adult 8.8 9.4 8.8 9.2 
* Five specimens of each biotype were used on each variety of 
wheat to obtain averages. 
**All specimens Oto 4 hours of age when test began. 
Co,ari sons of Greenbur Biotype Growth and Reproduction at 63° F 
an 50 6 F - Statistica ly significant differences in qrowth and 
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reproduction occurred between biotypes at 63° F (17.2° C). The 
total time from birth until the imago stage was reached was shorter 
for biotype C than the developrrent time for biotype B. Total 
developrrent tirre at 63° F was 229.3 hours for biotype Band 
207.6 hours for biotype C (Table 18). The second instar showed 
a highly significant difference in development (P<.01). No other 
instar at 63° F showed a difference of any significance (Table 8). 
At 50° F {10.0° C) total developrrent time increased in length 
to 415.2 hours for biotype Band 420.0 hours for biotype C 
(Table 19). Mean instar developrrent time nearly doubled in both 
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Table 8. Analysis of variance of instar developrrent tine between 
biotypes at 63° F (17.2° C). 
Fi rs t Ins tar df MS F 
Biotype 1 35.4461 0.440 
Replicate 1 31.6172 0. 393 
Bio*Rep 1 7. 0017 0.087 
Error 32 80.5159 
Second Ins tar df MS F 
Biotype 1 1771.4939 17. 560** 
Replicate 1 51. 75 37 0.513 
Bio*Rep 1 54.1607 0.537 
Error 32 100 .884 7 
Thi rd Ins tar df MS F 
Biotype 1 385.6837 3.206 
Replicate 1 100. 9383 0.839 
Bio*Rep 1 545.6837 4.536 
Error 32 120. 3001 
Fourth Ins tar df MS F 
Biotype 1 8. 8615 0.085 
Replicate 1 28.8888 0. 279 
Bio*Rep 1 145.7504 1.405 
Error 32 103. 7231 
** P< .01 
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biotypes when the temperature was dropped to 50° F (Table 20). 
Upon discussion with Dr. Lee Tucker (South Dakota State University 
Experiment Station Statistician) it was decided that the 50° F 
observation was to be treated as a third replicate in analysis 
of variance. No interaction was noted between bi otypes when the 
data were analyzed in this way, however, the development tirre was 
significantly different in each instar due to temperature change 
(Table 9). 
A comparison was made of the time from the last molt to the 
onset of reproduction at 63° F and 50° F. Reproduction began 
within 4 to 12 hours into the adult stage of 63° F (Table 18) 
while as much as 76 hours elapsed at 50° F before reproduction 
began (Table 19). 
Analysis of variance was also used as a tool in examining 
rreasurerrents made from selected body parts of exuviae collected 
from greenbugs at 63° and 50° F. Si gni fi cance was computed for 
each temperature separately and also when temperatures were com-
bined to test for interaction. 
At 63° F the differences in exuviae were highly significant 
(P< .01) between ins tars as would be expected. There was a dif-
ference in biotypes also at this temperature. Body length was 
significantly larger for biotype B (P<.01). The B biotype also · 
had a larger frons width, however, this rreasurerrent had a lower 
significance (P<.05) (Table 10). 
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Table 9. Analysis of variance of instar develooment time between 
temperatures at 63° F (17.2° C) and 50° F (10.0° C) 
for biotypes Band C. 
First Ins tar df 
Biotype 1 
Replicate 2 
Bio*Rep 2 
Error 50 
Second Instar df 
Biotype 1 
Replicate 2 
Bio*Rep 2 
Error 50 
Thi rd Ins tar- --'~ Ul 
Biotype 1 
Replicate 2 
Bio*Rep 2 
Error 50 
Fourth Ins tar df 
Biotype 1 
Replicate 2 
Bio*Rep 2 
Error 50 
**P<. 01 
MS 
5.470 
5087.859 
31.551 
131.019 
MS 
1109. 701 
22810 .133 
483.083 
858.295 
MS 
283.359 
12666 .4 74 
291.909 
678.337 
MS 
32.959 
28225 .111 
136 .888 
901. 584 
F 
0.042 
38.833** 
0. 241 
F. 
1. 293 
26 .576** 
0.563 
F 
0.418 
18. 673** 
0 .430 
F 
0.037 
31. 306** 
0 .152 
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Table 10. Analysis of 
(17.2° C). 
variance of biotype exuviae at 63° F 
Antenna df MS F 
Biotype 1 0.0016487800 3.377 
Exuviae 3 1 .6580802 3396. 023*_* 
Bio*Exu 3 0.0039505040 8.091** 
Error 91 0.00048824175 
Prothorasic Tibia df MS F 
Biotype 1 0.000019644849 0 .139 
Exuvi ae 3 0 .16937364 1198. 551 ** 
Bio*Exu 3 0.000068575310 0.485 
Error 91 0.00014131538 
Body Length df MS F 
Biotype 1 0 .015240359 15.221** 
Exuviae 3 2 .6308587 2627.481** 
Bi o*Exu 3 0 .00063903413 0.638 
Error 91 0 .001001285 7 
Frons df MS F 
Biotype 1 0.00060710658 5.629* 
Exuviae 3 0.031717210 293.833** 
Bio*Exu 3 0.00017011614 l. 576 
Error 91 0.00010794285 
· Rost rum Length df MS F 
Biotype 1 0 .00032798306 3. 311 
Exuviae 3 0 .027020794 272. 776** 
Bi o*Exu 3 0.00020264827 2 .046 
Error 91 0 .000099058681 
*P<.05 
**P<.01 
At 50° F the four instar exuviae rreasurements again showed 
highly significant differences (P<.01). Biotype B again had a 
high significance in larger body length as well as rostrum length 
(P<.01). The frons and prothoracic tibia were also larger but 
with a lesser degree of confidence (P<.05) {Table 11). 
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When both temperatures were analyzed together, it was found 
that all characters were larger for biotype B with varying degrees 
of significance {P<.05 to P<.01) except for rostrum length {Table 
12). Interactions were seen between biotype and exuviae in the 
antennae and body length (P<.01). The temperature had a measurable 
effect on all characters except the prothoracic tibia with body 
parts being larger at 63° F. Temperature-biotype interaction 
was significant in body length (P<.05) and highly significant 
in rostrum length (P<.01). Interaction between exuviae and 
temperature was highly significant for antennae (P<.01), body 
length {P<.01), frons (P<.01), and significant for rostrum length 
(P<.05). 
The effect of cooler temperature is quite evident by the last 
instar as seen on the table of computed means of exuviae fll:!asure-
ments taken from least squares analysis of variance data {Table 21). 
Biotype reproduction rati as varied between the two temperatures 
observed. At 63° F (17.2° C) biotype C produced an average of 74.8 
offspring compared to 59.4 produced by biotype Bin the first 
replicate. In the second replicate, biotype C averaged 77.8 
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Tab 1 e 11 . Analysis of variance of biotype exuviae at 50° F 
{10.0° C). ' 
Antennae df MS F 
Biotype 1 0.0028229997 3.455 
Exuviae 3 0.81684566 999.651** 
Bi o*Exu 3 0 .00065779803 0.805 
Error 69 0. 00081 71 3043 
Prothorasic Tibia df MS F 
Biotype 1 0 .0007342786 7 6.457* 
Exuvi ae 3 0 .12127638 1066. 390** 
Bio*Exu 3 0.000062426656 0 .549 
Error 69 0 .00011372608 
Body Length df MS F 
Biotype 1 0.057274713 23.935** 
Exuviae 3 1.5054988 629 .141 ** 
Bio*Exu ., () ()(\C::h~hhe:nn 2 .368 <J VoVV..)VVvVVVV 
Error 69 0 .0023929420 
Frons df MS F 
Bi otype 1 0.00043682540 5.667* 
Exuviae 3 0 .0136 79230 177. 448** 
Bio*Exu 3 0.000046681346 0.606 
Error 69 0 .000077088695 
Rostrum Length df MS F 
Biotype 1 0.0014955045 16 .132** 
Exuvi ae 3 0 .14082300 151.905** 
Bio*Exu 3 0. 000041 742290 0 .450 
Error 69 0.000092714492 
*P< .05 
**P<.01 
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Tab le 12. Analysis of variance of biotype exuviae 
(17.2° C) and 50° F (10.0° C). 
at 63° F 
Antennae df MS F 
Biotype 1 0.0044495561 7. 063** 
Exuvi ae 3 2.335143 3706.466** 
Bio*Exu 3 0.0036198810 5. 746** 
Terrperature 1 0.0074167969 ·1 l. 772** 
Bio*Temp 1 0 .00016813455 0.267 
Exu*Temp 3 0. 37484526 59.497** 
Bi o*E xu*Terrp 3 0.00052247496 0.829 
Error 160 0 .0006 30018 75 
Prothoras i c Ti bi a df MS F 
Biotype 1 0.0054053566 4. 176* 
Exuviae 3 0 .28460741 2199.014** 
Bio*Exu 3 0.000058888230 0.455 
Temperature 1 0 .00039126651 3.023 
Bi o*Temp 1 0 .00030218953 2. 335 
Exu*Terrp 3 0 . 00021446926 1 .657 
Bio*E xu*Terrp 3 0.000072786623 0.562 
Error 160 0.00012942500 
Body Length df MS F 
Biotype 1 0.068184888 42.577** 
Exuvi ae 3 3.9731316 2480.978** 
Bio*Exu 3 0.0051491006 3.215* 
TerJl)erature 1 0 .051940106 32.433** 
Bio*Temp 1 0 .0095535163 5.966* 
Exu*Terrp 3 0 . 026715704 16.682** 
Bio*E xu*Temp 3 0 .0018361443 1 . 147 
Error 160 0.0016014375 
*P<.05 
**P<.01 
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Table 12 (Continued). Analysis of variance of biotype exuviae at 
63° F (17.2° C) and 50° F (10.0° C). 
Frons 
Bio type 
Exuvi ae 
Bi o*Exu 
Temperature 
Bio*Temp 
Exu*Temp 
Bio*Exu*Tell1) 
Error 
Rostrum Length 
Biotype 
Exuviae 
Bi o*Exu 
Terrperature 
Bio*Temp 
Exu*Temp 
Bio*Exu*Temp 
Error 
*P< .05 
**P<.01 
df 
1 
3 
3 
1 
1 
3 
3 
160 
df 
1 
3 
3 
i 
. 1 
3 
3 
160 
MS 
0 .0010223704 
0.042174013 
0 .000086075460 
0 .015860704 
0.0000004022658 
0.0010371601 
0 .00011683241 
0 .000094636875 
MS 
0 .000289 33519 
0 • 0 39 0 7 8416 
0.00013382741 
0.00098i22535 
0.0016792117 
0 .00046 58097 
0.000090458186 
0.000096320625 
F 
10 .803** 
445.640** 
0.910 
16 7. 595** 
0.004 
10.959** 
1. 235 
F 
3.004 
405. 712** 
1. 389 
i 0 .187** 
17. 434** 
4 .836* 
0. 939 
offspring while biotype s ·produced an average of 62.7 offspring. 
Therefore, biotype C averaged 15.4 and 15.1 more offspring than 
biotype B (Table 14). The mean number of daily offspring for 
biotype B was 2.3 in the first replicate and 2.5 in the second 
replicate. For biotype C, the mean daily offspring were 2.9 
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and 3.1 respectively for the first and second replicate. Analysis 
of variance indicated that this difference between biotypes was 
significant (Table 13). 
Table 13. Analysis of variance of biotype reproduction at 63° F 
(17.2° C). 
Source df MS F 
Biotype 1 9.1204 6.242* 
Replicate 1 .4356 .298 
Bio*Rep 1 .0324 .022 
Error 96 1.4611 
* P<.05 
The most offspring produced by a single aphid was 92 in the 
C biotype, second replication (Table 25). The least amount of off-
spring produced was 42 by one aphid of biotype B, in the first 
replicate (Table 22). 
Length of the reproductive period ranged from 18 to 28 days 
and averaged 23.3 days (Table 28). 
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Table 14. Averages of accumulated and daily greenbug reproduction 
at 63° F (17.2° C) on Lancer wheat. '\ 
Replicate 1 Replicate 2 
Biotype B Biotype C Biotype B Bio type . C 
Day Total Daily Total Daily Total Daily Total Daily 
1 2.4 2.4 1.6 1.6 2.3 2.3 1.8 1.8 
2 5.0 2.6 5.2 3.6 5.4 3. 1 5.4 3.6 
3 7.8 2.8 8.4 3.2 8.2 2.8 7.9 2.5 
4 10 .o 2.2 12 .o 3.6 11.0 2.8 11.4 3.5 
5 12.4 2.4 14.4 2.4 14.0 3.0 15.9 4.5 
6 15.2 2.8 18.0 3.6 17 .o 3.0 20.4 4.5 
7 19.0 3.8 20.2 2.2 20.5 3.5 25.5 5.1 
8 22.6 3.6 23.6 3.4 24.0 3.5 29.7 4.2 
9 26.6 4.0 27 .6 4.0 27.7 3.7 34.3 4.6 
10 29.8 3.2 31.4 3.8 30 .8 3. 1 38.8 4.5 
11 32.8 3.0 36 .2 4.8 34.7 3.9 43.4 4.6 
12 35.4 2.6 41.6 5.4 38. l 3.4 47.6 4.2 
13 39.4 4.0 II r A '-tO.'t 3.8 40.6 2.5 50. 3 2.7 
14 42.6 3.2 49.8 4.4 44.2 3.6 53. 8 3.5 
15 46.0 3.4 54.2 4.4 47.3 3. 1 57.2 3.4 
16 48.0 2.0 56.6 2.4 49.3 2.0 61.0 3.8 
17 49.6 1.6 59.8 3.2 51.5 2.2 64.9 3.9 
18 52.0 2.4 61.2 1.4 53.8 2.3 68.6 3.7 
19 54.6 2.6 63.8 2.6 55.7 1.9 70 .6 2.0 
20 56.4 1.8 66.6 2.8 57.0 1.3 72.7 2.7 
21 57 .6 1.2 68.6 2.0 59.2 2.2 74 .8 2 .1 
22 47.8 0.2 69.8 1.2 60 .1 0.9 76. 5 1. 7 
23 58.0 0.2 71.6 1.8 60.9 0.8 77.3 0.8 
34 58.8 0.8 73.2 1.6 61.8 0.9 77.7 0.4 
25 59.4* 0.6 73 .6 0.4 61.8 0.0 77.8* 0 .1 
26 59A 0.0 74 .4 0.8 62 .1 0.3 77.8 0.0 
27 59.4 0.0 74.8* 0.4 62.4 0.2 77.8 0.0 
28 59.4 0.0 74 .8 0.0 62.7* 0.3 77.8 0.0 
*Reproduction ceased. 
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At 50° F (10.0° C) biotype B averaged 3.5 more offspring 
than biotype C with a total of 13.125 offspring in contrast with 
9.6 (Table 16). The most offspring produced by a single aphid 
was 23 by biotype B (Table 26). The least aroount was one, pro- . 
duced by a C biotype aphid (Table 27). The length of the re-
productive period ranged from one to 15 days and averaged 9.9. 
Biotype B had a longer reproductive period than biotype C, averag-
ing 11.1 for biotype Band 8.6 days for biotype C (Table 28). 
Analysis of variance was used for comparison by treating 
the 50° F observation as a third replicate of the observations 
taken at 63° F. Mean daily offspring for biotype B was 0.88 
and 0.67 for biotype C. Replicates one and two and replicate 
three had highly significant differences. No significance was 
indicated between biotypes nor was there any evidence of biotype-
temperature interaction (Table 15). 
Table 15. 
Source 
Biotype 
Replicate 
Bio*Rep 
Error 
**P<.01 
Analysis of variance showing difference in reproduction 
between temperatures of 63° F ( 17. 2° C) and 50° F 
(10.0° C) for biotypes Band C. 
df MS F 
1 3.4181877 2.904 
2 44 .062801 37.429** 
2 -1.9119124 1.624 
124 1.1772366 
64 
Table 16. Averages of accumulated and daily greenbuq reproduction 
by biotype Band C parents at 63° F {17.2° C) on · 
Lancer wheat. 
Replicate 3 
Biotype B Biotype C 
Day Total Daily Total Daily 
1 1. 250 1 .250 1. 250 1 .250 
2 2.875 1.625 1.150 0 .250 
3 4. 750 1.875 2.500 1. 350 
4 5.875 1 . 125 3. 375 0 .875 
5 6 .875 1.000 4.250 0 .875 
6 7.875 1.000 5 .375 1. 125 
7 8.750 0 .875 6.250 0.875 
8 9.500 0.750 7.000 0. 750 
9 10.500 1.000 7.750 0. 750 
10 11 . 250 0.750 8.375 0.625 
11 11 • 875 0.625 9.125 0. 750 
12 12.125 0.250 9. 375 0.250 
13 12.625 0 .• 500 9.500 0 .125 
14 13. 000 0 .375 9.625* 0 .125 
15 13. 125* 0 .125 9.625 0.000 
*Reproduction -ceased. 
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~pari sory _  of _Al ate_ an~_ Ayterous P_arent Aphids to Wheat Injury and 
P-olymorpnl sm OT Offs pr, nq at 63-o-F 111.2~ c) - lt was- found that 
apterous greenbugs could produce much more efficiently than alate 
aphids (Table 29). No difference was noted at this temoerature 
between biotypes. All forms tested demonstrated drastic increases 
in total number of aphids by the 11th day after infestation in-
dicating the beginning of parthenogenic reproduction of the F 1 
generation. 
The difference between apterous and a late greenbug reproduc-
tion was affected in the subjective damage ratings (Table 30). 
Biotypes were almost identical in destruction of their host; how-
ever, it took apterous individuals and their progeny only 19 days 
d 1 d h • ff . ?A d + V. 11 .. h h t an a ate parents an t..e1r o . . spring ... •t- ays \#o ", •. ..,,,e ,os 
plant. 
Plant heights indicated little difference after 7 days 
of infestation between alate and apterous individuals, but the 
heavier infestations by apterous parents was evident at 14 days 
showing less plant grm·1th. No difference between biotypes was 
observed (Table 31). 
When aphids were removed and counted at the end of the damage 
test a striking difference was noted between biotypes in the num-
ber of winqed offspring produced. Biotype C alate parents pro-
duced 24.11 % winged offspring and apterous parents produced 
25.89%. This was in sharp contrast with Biotype B which produced 
1.04% winged offspring from alate parents and 1.46% from apterous 
parents (Table 17). Total counts of aphid numbers indicated more 
offspring were produced by biotype C. 
Table 17. Comparison of average alate offspring produced by 
biotype Band C parents at 63° F (17.2° C) on 
Lancer wheat. 
Winged 
Adults 
Winged 
NylTl)hS 
Total 
Winged 
Apterous 
Total 
% Adult 
Winged 
% Nyrrphs 
Wing pad 
% Total 
Winged 
Two A1ate Parents 
Biotype B 
2.0 
2.6 
4.6 
466.4 
471.0 
0.50 
0.54 
1.04 
Biotype C 
89.8 
72 .o 
161.8 
510.0 
671.8 
13. 36 
10. 75 
24 .11 
Two Apterous Parents 
Bi otype B 
2.8 
3.6 
6.4 
449.6 
456.0 
0.60 
0.86 
1.46 
Biotype C 
67.4 
62.8 
135 .6 
365.2 
500.8 
12. 25 
13.64 
25.89 
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CONCLUSIONS 
Two greenbug bi otypes are known to occur in South Oako.ta, 
biotypes B and C. It appears that both bi otypes can reproduce 
trace nurroers of offspri n~ when temperatures are as low as 40° F 
(4.44° C). Developrrent tirre did not vary between biotypes when 
observed on resistant and susceptible wheat varieties at 63° F 
(17.2° C). 
Under cool temperature conditions in the growth charmer, 
developrrent and reproduction did vary between biotypes. At 63° F 
biotype C demonstrated shorter instar development time on Lancer 
wheat with the difference being significant in the second instar. 
between bi otypes was seen. The lower temperature did, however, 
approximately double developrrent tirre for both biotypes. 
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Measurerrent of exuvi ae indicated that al though biotype B was 
slower to mature at 63° F, the size of several body parts attained 
by nymphs before ecdysis was significantly lar9er than biotype C. 
This difference was also seen at 50° F when instar development 
tirre was not significantly different. The interaction seen be-
tween temperature and exuviae rreasurerrents indicates growth is 
allorretric and not strictly related to temperature. However, 
the temperature was responsible for overall smaller size in 
both biotypes when reared at 50° F. 
The effect of temperature on apterous greenbug reproduction 
indicated bi otype C was more prolific at 63° F. However, this 
situation ~-,as no 1 onge r evident when the 50° F observations were 
analyzed as a third replicate of the 63° F observations. 
It was found that when biot_ypes were observed in aqgregate 
only one discernible variation could be detected at 63° F • . A 
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very distinct difference occurred in numbers of alate offspring 
produced. Biotype C demonstrated a very high percentage of winged 
offspring in comparison to biotype B. 
Both biotypes appeared to produce the same arrount of plant 
damage, however, observations of the morphological forms of apterous 
and alate aphids indicated that apterous parents produced more off-
sp;ing and subsequently faster plant damage than the winged form 
parent. 
The alate greenbug, althouqh less prolific, is the migratory 
form of the aphid. It appears that when temperatures are near 
63° F, biotype C produces more winged individuals and that it 
matures faster and produces rrore offspring than biotype B. As 
the temperature is decreased, reproduction decreases and there is 
no si gni fi cance between bi otypes when both temperatures are 
analyzed together. 
It is not inferred that the results obtained from the growth 
charrber observations necessarily reflect what will haopen in the 
·field. However, potentially biotype Chas an advanta9e on Lancer 
wheat while under mild terrperatures and this advantage is lost 
when temperatures decrease. 
This study was concentrated on only the bionomics of parth-
enogenic individuals. No observations are recorded concerning 
aphid damage or winged offspring produced at 50° F. At this 
temperature Biotype C exhibited sexual reproduction and many eggs 
were deposited on the bolting cloth of the cages. Eggs were not 
observed in biotype B colonies. 
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It can be speculated that biotype C begins sexual reproduction 
under wanrer temperatures than biotype B and therefore causes less 
damage to wheat under cool conditions. 
This area of greenbug bionomics warrants further research 
and could indicate more cl e·arly the extent of potenti a 1 damage 
possible from biotype C greenbugs to winter wheat in South Dakota. 
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Table 18. S . .9..raminum average instar developrrent" tin-e at 63° F 
Tl 7. 2°··e1-on Lancer wheat. 
Hours in 
1st Ins tar 
Hours in 
2nd Instar 
Hours in 
3rd Instar 
Hours in 
4th Instar 
Hours to 
Repr-o. 
Hours in 
ls t Tnstar 
Hours in 
2nd Instar 
Hours in 
3rd Instar 
Hours in 
4th Instar 
Hours to 
Re pro. 
Biotype B 
First Replicate 
Total hrs. Average hrs. 
69.2 69.2 
130 .0 60.8 
185.0 55.0 
236 .4 51.4 
242.8 6.4 
Biotype C 
First Replicate 
Total hrs. Average hrs. 
66.0 66.0 
112.4 46.4 
151.6 39 .2 
208.4 56.8 
221.2 12 .8 
Second Replicate 
Total hrs. Average hrs. 
70. 71 70. 71 
125.69 54.24 
168.00 42. 31 
222.15 54 .15 
226.62 4.47 
Second Replicate 
To ta 1 hrs • Average hrs • 
69.08 69.08 
111. 54 42 . 46 
155 .69 44.15 
206.77 51.08 
214.77 8.0 
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Table 19. S. qraminum averaqe instar development time at 50° F no ~-0°Clo-n Lancer wheat. 
Hours in 
1st Instar 
Hours in 
2nd Instar 
Hours in 
3rd Instar 
Hours in 
4th Instar 
Hours to 
Repro. 
Biotype B 
Total hrs. Average hrs. 
96 .o 96.0 
204.0 108.0 
292.8 88.8 
415.2 122.4 
492.0 76 .8 
Bi otype C 
Total hrs. Average hrs. 
98.4 98.4 
208.8 110 .4 
297.6 88.8 
420.0 122 .4 
480.0 60.0 
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Table 20. Computed n-eans of instar developrrent tine (in hours) 
', for greenbug biotypes Band Cat 63° F (17.2° C) 
and 50° F (10.0° C). 
First Instar 
Biotype Replicate Temp. o F Mean ·hrs. 
B 1 63 70. 307686 
B 2 63 69.199982 
B 3 50 95.999991 
C 1 63 69.076018 
C 2 63 65.999984 
C 3 50 98. 399991 
Second 1-nstar 
Biotype Replicate Temp. o F Mean hrs. 
B l 63 55. 384608 
B 2 63 60.799982 
B 3 50 108. 00000 
C l 63 42.461534 
C 2 63 42. 399986 
C 3 50 110.39998 
Third Instar 
Biotype Replicate Temp. o F Mean hrs. 
B 1 63 42. 769228 
B 2 63 55. 199986 
B 3 50 88.799992 
C 1 63 44. 153842 
C 2 63 39 .199988 
C 3 50 88.799994 
Fourth Instar 
Biotype Replicate Terrp. o F Mean hrs. 
B 1 63 53. 692302 
B 2 63 51.199984 
B 3 50 122. 39999 
C 1 63 50. 307688 
C 2 63 56. 799984 
C 3 50 115. 19999 
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Table 21. Computed rreans ·of greenbug exuvi ae 
Antenna 
Mean Length 
Biotype Instar Temperature in rrm 
B 1 63° F . 37846165 
B 1 50 • 39800005 
B 2 63 .50250004 
B 2 50 .54125004 
B 3 63 .68384608 
B 3 50 .68333324 
B 4 63 • 98538415 
B 4 50 .88299963 
C 1 63° F .37750007 
C 1 50 • 39300007 
C 2 63 • 49300004 
C 2 50 • 52800008 
C 3 63 • 70230758 
C 3 50 .68099994 
C 4 63 .94461495 
C 4 50 ~85499967 
Prothoracic Tibia Mean Length 
Biotype Instar Temperature in rrm 
B 1 63° F • 14307699 
B 1 50 .15499999 
B 2 63 .19250002 
B 2 50 .20000000 
B 3 63 . 24692305 
B 3 50 .24777775 
B 4 63 • 33461522 
B 4 50 • 3369998 
C 1 63° F • 14500007 
C 1 50 • 14500003 
C 2 63 • 18700004 
C 2 50 • 19500002 
C 3 63 • 24846151 
C 3 50 .24599997 
C 4 63 . 33307678 
C 4 50 • 32899990 
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Table 21 (Continued). Comp uted rreans of greenbug exuviae. 
' 
Body Length 
Mean Length 
Biotype Instar Temperature in mn 
B 1 63°F . 57307705 
B 1 50 .61600007 
B 2 63 • 74166672 
B 2 50 • 74 750006 
B 3 63 1. 0492305 
B 3 50 1. 0033333 
B 4 63 l . 2992301 
B 4 50 1 . 2169997 
C 1 63° F .54250013 
C 1 50 . 54000011 
C 2 63 • 72800002 
C 2 50 .70900012 
C 3 63 1.0130767 
C 3 50 • 91399998 
C 4 63 1 . 2799994 
C 4 50 1 . 2019994 
Frons 
Mean Length 
Biotype Ins tar Temperature in nm 
B 1 63° F .06769230 
B 1 50 .05999999 
B 2 63 .09583332 
B 2 50 .08499999 
B 3 63 • 12461533 
B 3 50 .10111111 
B 4 63 • 1561537 
B 4 50 .12099993 
C . 1 63° F .06833333 
C 1 50 .05400000 
C 2 63 .09299999 
C 2 50 .07800000 
C 3 63 . 11846151 
C 3 50 .10099997 
C 4 63 .14461533 
C 4 50 .11499995 
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Table 21 (Continued). Corrputed means of greenbug exuviae. 
" 
Rost rum Length 
Mean Length 
Biotype I nstar Temperature in nm 
B 1 63° F .04615386 
B 1 50 .05600000 
B 2 63 .07416667 
8 2 50 .07625000 
8 3 63 . 09692306 
8 3 50 .10111109 
B 4 63 . 12923071 
B 4 50 .11899995 
C 1 63° F .05416667 
C 1 50 .05100000 
C 2 63 .08000000 
C 2 50 .06700000 
C 3 63 .10230768 
C 3 50 .08899999 
C 4 63 .12461532 
C 4 50 .10999996 
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Table 22. Accumulated daily reprodu_cti on of bi otype 8 at 63° F 
(17.2° C) on Lancer wheat (Rep 1). 
Aphid 1 2 3 4 5 Total Average 
Day 
1 2 1 3 2 4 12 2.4 
2 3 6 5 5 6 25 5.0 
3 4 11 9 7 8 39 7.8 
4 5 12 10 11 12 50 10.0 
5 6 14 13 13 16 62 12.4 
6 8 17 14 17 20 76 15.2 
7 11 22 18 21 23 95 19.0 
8 13 25 23 24 28 113 22.6 
9 15 31 23 31 33 133 26.6 
10 17 34 25 35 38 149 29.8 
11 18 40 28 35 43 164 32 .8 
12 22 44 29 37 45 177 35.4 
13 23 51 32 41 52 197 39 .4 
14 25 54 37 42 55 213 42 .6 
15 26 59 40 45 60 230 46.0 
16 29 62 40 46 63 240 48.0 
17 31 66 40 46 65 248 49.6 
18 34 70 42* 47 67 260 52.0 
19 39 72 42 51* 69 273 54.6 
20 44 73 42 5T 72 282 56.4 
31 46 75 42 51 74 288 57.6 
22 46 75 42 51 75 289 57.8 
23 46 75 42 51 76 290 58.0 
24 47 77 42 51 77 294 58.8 
25 48* 78* 42 51 78* 297 59.4* 
*Hhen reproduction ceased. 
83 
Table 23. Accumulated daily reproduction of biotype Cat 63° F 
(17.2° C) on Lancer wheat (Rep 1). 
Aphid 1 2 3 4 5 Total Average 
Day 
1 1 2 2 2 1 8 1.6 
2 4 6 6 4 6 26 5.2 
3 8 10 10 7 7 42 8.4 
4 10 13 14 9 14 60 12 .0 
5 10 17 17 13 15 72 14.4 
6 13 23 23 15 16 90 18. 0 
7 14 27 27 16 17 101 20.2 
8 16 31 31 19 21 118 23.6 
9 19 36 36 23 24 138 27.6 
10 23 41 43 24 26 157 31.4 
11 30 47 47 30 27 181 36 .2 
12 37 54 56 33 28 208 41.6 
13 43 57 57 36 34 227 45.4 
14 45 62 65 39 38 249 49.8 
15 46 68 73 42 42 271 54.2 
16 49 69 74 46 45 283 56.6 
17 53 70 78 50 38 299 59.8 
18 57 71 79 51 48 306 61.2 
19 59 73 80 54 53 319 63.8 
20 63 76 80 57 47 333 66.6 
21 65 78* 81* 60 59 343 68.6 
22 68 78 8T 61 61 349 69.8 
23 73 78 81 63 63 358 71.6 
24 77 78 81 66 64* 366 73.2 
25 78 78 81 67 64 368 73.6 
26 80 78 81 69* 64 372 74.4 
27 82* 78 81 69 64 374 74.8* 
*When reproduction ceased. 
84 
Table 24. Accumulated daily reproduction of biotype Bat 63° F 
(17.2° C) on Lancer wheat (Rep 2). 
Aphid 1 2 3 4 5 6 7 8 9 10 Total Average 
Day 
1 2 1 3 1 3 2 3 2 4 2 23 2.3 
2 5 5 6 3 7 6 5 4 7 6 54 5.4 
3 7 8 10 5 8 10 9 7 10 8 82 . 8.2 
4 9 11 12 9 10 12 13 10 13 11 110 11.0 
5 11 15 15 11 13 16 16 13 15 15 140 14 .0 
6 13 16 20 14 16 19 20 16 18 18 170 17. 0 
7 16 19 22 16 20 25 24 20 22 21 205 20.5 
8 20 24 27 17 22 27 28 25 25 25 240 24.0 
9 22 28 32 20 25 32 -31 29 30 28 277 27. 7 
10 23 29 35 23 29 36 36 32 33 32 308 30 .8 
11 28 32 39 28 33 39 39 36 38 35 347 34.7 
12 31 38 45 31 34 42 41 39 42 38 381 38. 1 
13 32 40 48 36 34 45 43 42 44 42 406 40.6 
14 36 46 51 40 37 48 45 45 48 46 442 44.2 
15 42 49 52 44 38 50 48 48 51 51 473 47.3 
16 45 51 54 44 41 50 49 50 55 54 493 49.3 
17 49 52 56 44 45 52 53 50 56 58 515 51.5 
18 51 55 58 45 45 52 56 54 60 62 538 53.8 
19 51 60 58 56 45 54 58 54 62* 65 557 55.7 
20 51 62 58 52 45 54 63 55 62 68 570 57.0 
21 52* 65 59* 54 50 56 65 59 62 70 592 59.2 
22 52 66 59 55* 51 56 67 62 62 71 601 60 .1 
23 52 68 59 55- 53 57* 67 63 62 73 609 60.9 
24 52 68 59 55 55 57 68* 64 62 78 618 61.8 
25 52 68 59 55 55 57 68 64 62 78 618 61.8 
26 52 69* 59 55 57* 57 68 65 62 79 621 62 .1 
27 52 69- 59 55 57 57 68 65 62 80 624 62.4 
28 52 69 59 55 57 57 68 67* 62 81 * 627 62. 7* 
*When reproduction ceased. 
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Table 25. Accumulated daily reproduction of biotype Cat ·63° F 
(17.2° C) on Lancer wheat (Rep 2). 
Aphid 1 2 -3 4 5 6 7 8 9 10 Total Average 
Day 
1 1 1 3 1 2 3 2 2 1 2 18 1.8 
2 5 4 7 4 5 8 5 8 3 5 54 5.4 
3 8 7 10 7 7 9 8 9 5 9 79 7.9 
4 12 9 13 12 11 13 10 13 8 13 114 11.4 
5 17 11 18 14 15 18 16 19 13 18 159 15.9 
6 22 14 22 18 19 25 22 23 17 22 204 20.4 
7 28 22 26 22 23 28 27 30 21 28 255 25.5 
8 32 26 32 24 27 32 32 34 24 34 297 29.7 
9 36 31 34 28 29 39 38 40 29 39 343 34.3 
10 43 34 41 32 34 41 42 44 32 45 388 38.8 
11 46 38 43 39 36 48 45 50 40 49 434 43.4 
12 52 38 51 43 39 51 47 54 43 58 476 47 .6 
13 56 41 52 48 41 55 50 54 46 60 503 50.3 
14 59 45 57 52 42 62 53 57 50 61 538 53. 8 
15 62 47 60 56 46 68 58 59 53 63 572 57.2 
16 64 53 64 61 50 73 62 61 56 66 610 61.0 
ii 68 56 67 65 55 76 66 62 62 69 649 64.9 
18 71 60 70 70 60 83 67 65 67 73 686 68.6 
19 73 61 70 72 61 85 71 68 70 75 706 70.6 
20 74* 61 70 76 67 91 72 68 72 76 727 72. 7 
21 74 61 70 78 70 92* 78 70* 77 78* 748 74.8 
22 74 67* 71 * 80 72 92 81 70- 80 78- 765 76. 5 
23 74 67 7T 81 73 92 83* 70 84 78 773 77.3 
24 74 67 71 82* 75* 92 83 70 85 78 777 77.7 
25 74 67 71 at 75 92 83 70 86* 78 778 77.8 
*Hhen reproduction ceased. 
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Tab le 26. Accumulated daily reproduction of· bi otype B at ·50° F 
(10.0° C) on Lancer wheat (Rep 3). 
Aphid 1 2 3 4 5 6 7 8 Total Average 
Day 
1 1 1 2 2 1 1 1 2 10 1. 250 
2 3 2 4 4 3 3 3 2 23 2.875 
3 6 3 6 7 4 4* 4 5 38 4. 750 
4 6 5 7 8 6 4 5 7 47 5.875 
5 6 7 7 10 8 4 . 7 7 55 6 .875 
6 7 8 8* 11 10 4 8 8 63 7 .875 
7 7 10 8 12 10 4 9 11 70 8. 750 
8 7 11 8 13 12 4 9 13 76 9.500 
9 8 12 8 i5 i3 4 iO i3 84 10.500 
10 8 12 8 18 13 4 11 16 90 11. 250 
11 8 13* 8 20 14 4 12 16 95 11. 875 
12 8 13 8 20 15 4 12 17 97 12 .125 
13 9* 13 8 22 15 4 13* 17 101 12.625 
-
14 9 13 8 23* 16* 4 13 18 104 13. 000 
15 9 13 8 23 16 4 13 19* 105* 13. 125 
*Reproduction ceased. 
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Tab le 27. Accumulated daily reproduction of biotype Cat 50° F 
(10.0° C) on Lancer wheat (Rep 3). 
Aphid 1 2 3 4 5 6 7 8 Total Average 
Day 
l 1 2 1 1 1 1 1* 2 10 1. 250 
2 1 3* 1 1 2 1 1 2 12 l.500 
3 3 3 2 1 3 2 1 5 20 2.500 
4 4 3 4 1 4 3 1 7 27 3.375 
5 8 3 4 2 4 4* 1 8 34 4.250 
6 10 3 4 4 5 4 1 12 43 5. 375 
7 11 3 5 4 7 4 1 14 50 6.250 
8 13 3 5 5 9 4 1 15 56 7.000 
9 14 3 5 6 iO 4 1 18 62 7.750 
10 17 3 5 8 11 4 1 19 67 8. 375 
11 19 3 6* 9* 11 4 1 19 73 9. 125 
-
12 20 3 6 9 12* 4 1 19 75 9 .375 
13 20 3 6 9 12 4 1 20* 76 9.500 
14 21 * 3 6 9 12 4 1 20 77* 9.625 
15 21 3 6 9 12 4 1 20 77 9.625 
*Reproduction ceased. 
88 
Table 28. Len9th of reproductive period for S. TTtminum biotypes 
B and C at 63° F (17.2° C) and 50° --F 10°7>0 - C) on 
Lancer wheat. 
63° F Replicate 1 
Total Average 
Biotype B Days of Days of 
Aphid# 1 2 3 4 5 Repro. Repro. 
Days of 
Reproduction 25 25 18 19 25 112 22.4 
Biotype C Total Average 
Aphid# 1 2 3 4 5 Days Days 
Days of 
Reproduction 27 21 21 26 24 119 23.8 
63° F Replicate 2 
Total Average 
Biotype B Days of Days of 
Aphid# 1 2 3 4 5 6 7 8 9 10 Repro. Repro. 
Days of 
Reproduction 21 26 21 22 26 23 24 28 19 28 238 23.8 
Biotype C Total Average 
Aphid# 1 2 3 4 5 6 7 8 9 10 Days Days 
Days of 
Reproduction 20 22 22 24 24 21 23 21 25 21 223 22.3 
50° F Replicate 3 
Total Average 
Biotype B Days of Days of 
Aphid# 1 2 3 4 5 6 7 8 Reoro. Repro. 
Days of 
6 14 14 3 13 15 89 11 • 125 Reproduction 13 11 
Bi otype C 
1 2 3 4 5 6 7 8 Total Average Aphid# Days Days 
Days of 
11 11 12 5 1 13 69 8.625 Reproduc~ion 14 2 
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Table 29. Comparison of tota 1 and daily reproduction from two 
apterous and alate greenbuQs on Lancer wheat at 
63° F ( 17. 2° C). . . 
Apterous Biotype B Apterous Biotype C 
Day Total Daily Total Daily 
1 8.2 8.2 7.4 7.4 
2 13.0 4.8 12 .6 5.2 
3 16.4 3.4 15 .6 3.0 
4 18.8 2.4 18.8 3.2 
5 21.8 3.0 21.6 2.8 
6 29.6 7.8 24.0 2.4 
7 32 .0 2.4 29.2 5.2 
8 35.8 3.8 31.2 2.0 
9 40.2 4.4 36.2 5.0 
10 49.0 8.8 43.2 7.0 
11 72 .o 23.0 67.0 23.8 
12 116 .0 44.0 111 .6 44.6 
13 248.0 132 .o 231.2 119 .6 
Al ate Biotype B Alate Biotype C 
Day Total Daily Total Daily 
1 1.6 1.6 1.8 1.8 
2 3.0 1.4 4.0 2.2 
3 5.2 2.2 5.6 1.6 
4 7.2 2.0 8.0 2.4 
5 9.6 2.4 10.2 2.2 
6 10.8 1.2 12.2 2.0 
7 13.0 2.2 13.8 1.6 
8 17 .2 4.4 16.8 3.0 
9 19.8 2.6 20.4 3.6 
10 24.4 4.6 26.8 6.4 
11 34.6 10.2 40.0 13. 2 
12 72.2 37.8 86.4 46.4 
13 118.6 46.4 129.4 43. 0 
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Table 30. Average subjective damage rating on Lancer wheat 
caused by two oarent greenbugs 
63° F (17.2° C). 
and offspring at '" 
Apterous Alate 
Day Biotype B Biotype C Biotype B Biotype C 
1 0.0 0.0 0.0 0.0 
2 0.0+* 0.0+ 0.0+ 0.0+ 
3 0.2 0.4 0.0+ 0.0+ 
4 0.8 0.6 0.2 0.0+ 
5 1.0 1.0 1.0 1.0 
6 1.0 1.0 1.0 1.0 
7 1.0 1.0 1.0 1.0 
8 1.0 1.2 1.0 1.0 
9 1.2 1.2 1.0 1.0 
10 1.6 1.8 1.2 1.2 
11 1.8 2.2 1.6 2.0 
12 2.8 2.6 2.2 2.8 
13 3.6 4.0 2.4 3.6 
1 ,1 ,1 ('\ 4.6 3.2 4.0 • -r 'ToV 
15 5.2 5.8 3.8 4.8 
16 7.4 7.0 4.0 5.2 
17 8.6 9.2 4.6 5.8 
18 9.8 9.8 5.6 6.4 
19 10 .0 10.0 6.0 7.2 
20 7.4 8.0 
21 8.6 9.0 
22 8.8 9.4 
23 9.6 9.8 
24 10.0 10.0 
*0.0+ indicates slight damage with no plant in a Rep. 
a damage rat fog of 1. 0 or rrore. 
sustaining 
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Table 31. Average plant height of Lancer wheat plants each 
infested with two pa rent greenbugs and their offspring " 
at 63° F (17.2° C). 
Pl ant Height 
A 1 ate Parents 
Days after 
Infestation Biotype B Biotype C Check 
O Days 13. 2 cm 13. 2 cm 10.5 cm 
7 Days 18. 1 17. 2 16.0 
Difference 4.9 4.2 5.5 
14 Days 20.6 17 .8 19.2 
Difference 2.5 2.6 3.2 
Pl ant Height 
Apterous Parents 
Days after 
Biotype B Biotype C Check Infestation 
O Days 14.4 cm 14. 1 cm 13. 7 cm 
7 Days 18.6 18.7 19.5 
Difference 4.2 4.6 5.8 
14 Days 20.3 20.3 22.2 
Difference 1. 7 1.6 2.7 
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Table 32. Comparison of alate offspring produced by biotypes 
Band C alate parents at 63° F (17.2° C) on Lancer 
wheat. 
Plants 
Biotlee B 
A B C D E Total . Average 
Winged 
Adults 9 1 0 0 0 10 2.0 
Winged 
Nyf11)hs 11 0 2 0 0 13 2.6 
Total 
Winged 20 1 2 0 0 23 4.6 
Apterous 403 244 717 .J95 573 2332 466.4 
Total 423 245 719 395 573 2355 471 .0 
% Adult 
Winged 2 .1 0.4 0.0 0.0 0.0 2.50 0.50 
% NyfTl)hS 
Wing pad 2.6 0.0 0. 1 o.o 0.0 2. 70 0.54 
% Total 
Winged 4.7 0.4 0 .1 o.o 0.0 5.20 1.04 
Plants A B 
Biotlee C 
C D E Total Average 
Winged 
Adults 63 127 67 106 86 449 89.8 
Winged 
Nyrrphs 88 97 57 61 57 360 72 .0 
Total 
Winged 151 224 124 167 143 809 161.8 
Apterous 569 473 393 574 541 2550 510.0 
Total 720 697 517 741 684 3359 671.8 
% Adult 
Winged 8.7 18.22 12.96 14. 30 12.57 66.80 13 . 36 
% Nyrt1)hs 
11 . 02 8.23 8.34 53.73 1 o. 75 Wing pad 12.22 13.92 
% Total 
Winged 20.97 32 .13 23.98 22.54 20.91 120.53 24. 11 
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Table 33. Comparison of alate offspring produced by biotypes 
Band C apterous parents at 63° F (17.2° C) on 
Lancer wheat. 
Pl ants A B 
Biotiee B 
C D E Total Average 
Winged 
Adults 3 3 1 3 4 14 2.8 
Winged 
Nyrrphs 10 5 3 0 0 18 3.6 
Total 
Winged 13 8 4 3 4 32 6.4 
Apterous 414 412 391 455 576 2248 449.6 
Total 427 420 395 458 580 2280 456 .o 
% Adult 
Winged 0. 70 o. 70 0.24 0.66 0.69 2.99 0.60 
% Nymphs 
Wing Pad 2.34 1.19 0. 76 · 0.00 0.00 4.29 0.86 
% Total 
Winged 3.04 1.89 1.00 0.66 0.69 7.28 1.46 
Pl ants A B 
Biotiee C 
C D E Total Average 
Winged 
Adults 61 80 33 83 80 337 67.4 
Winged 
NyfT1)hS 82 80 41 89 49 341 62.8 
Total 
Winged 143 160 74 172 129 678 135 .6 
Apterous 448 406 382 314 276 1826 365 .2 
Total 591 566 456 486 405 2504 500.8 
% Adult 
Winged 12.2 16.0 6.6 16.6 16.0 67 .4 12. 25 
% Nyrrphs 
-17 .8 9.8 68.2 13. 64 Wing pad -16 .4 16.0 8.2 
% Total 
Winged 28.6 32 .o 14.8 34.4 25.8 135 .6 25.89 
